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Summary: (n7%:n5-Fulvalene)hexacarbonyldimolybdenum
dianion (1) undergoes dialkylation with 1,3-diiodopropane
to furnish the structurally characterized, metal-metal
bonded 1-oxacyclapent-2-ylidene 3, the first Fischer-type
carbene to exhibit fluxional behavior, presumably through
a bridging carbene species (AG* = 18 £ 0.5 kcal mol™")
Thermal and photochemical degradation leads to the ef-
ficient generation of propene and (1°7°-C,,Hg{CO)sMo,
by a novel pathway not involving metallacycle 2.

Dimetallacyclopentane moieties A (Scheme I) incorpo-
rated in soluble transition-metal complexes have been im-
plicated as possible intermediates in propene formation
from methylene fragments and ethylene! and as homoge-
neous models for surface reactions such as Fischer-Tropsch
synthesis.? B3-Hydride transfer to B followed by (binu-
clear?) elimination are formulated as (or tacitly assumed
to be) the crucial steps in the extrusion of propene from
A. We report the synthesis of a fulvalene-bridged 1-oxa-
cyclopent-2-ylidene 3 that also thermally degrades to
propene but clearly not via a dimetallacyclic pathway.
Our work points out that other mechanisms than the one
suggested have to be considered as possible routes to
propenes from A. Complex 3 is also the first Fischer-type
carbene to exhibit fluxional behavior, a property possibly
related to its unique reactivity.

We originally desired to prepare the trimethylene and
fulvalene® bridged dimolybdenum derivative 2 as a more
rigid analogue of other metal-metal nonbonded complex-
eslo® reported to thermally extrude hydrocarbons. How-
ever, when the yellow dianion 1% [generated from
(n®m5-C1oHg) (CO)sMo,®* by treatment with 2.5 equiv of

tThis paper is dedicated to the memory of my colleague and
teacher, Professor E. L. Muetterties.
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Figure 1. oRTEP drawing of 3. Ellipsoids are scaled to represent
a 50% probability surface.

LiBEt;H® in THF at 0-25 °C] was exposed to diiodo-
propane (1.5 equiv, 25 °C, 5 h) the red Fischer-type
carbene 3 was formed® instead of 2 (Scheme II). In con-
trast, methylation gave the dimethyldimolybdenum de-
rivative 4* (79%, mp 181-182 °C dec). An X-ray structural
analysis of 3 (Figure 1) revealed an envelope-shaped 1-
oxacyclopent-2-ylidene ligand, nearly coplanar with the
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Mo~Mo bond, and the carbonyl groups slightly staggered
to relieve steric compression, resulting in a twisted ful-
valene. The generation of such carbene complexes from
1,3-dihalopropanes and nucleophilic metals has been ob-
served previously’ and mechanistically discussed in terms
of addition of a nucleophile (which can be another metal)
to a (y-haloacyl)metal species generating a metallaenolate
R(CO)M-, capable of ring closure. However, the inter-
mediacy of a dimetallacycle of the type 2 in those cases
involving bimetallic systems has not been ruled out.

Complex 3 has two hitherto unobserved features. First,
it is fluxional on the NMR time scale. Thus, on heating
in toluene-dg the fulvalene signals begin to broaden while
the oxopentylidene absorptions remain sharp. Because of
the thermal instability of 8 (vide infra), quantification of
these dynamics was only possible by using spin saturation
transfer techniques.? This experiment revealed the ex-
change (50% magnetization transfer at 25 °C) between the
respective sets of « and 8 protons on the fulvalene and also
confirmed the absence of equilibration of the trimethylene
hydrogens: AG* = 18.0 + 0.5 kcal mol™!. The most ap-
pealing mechanism for this dynamic behavior would in-
volve the intermediacy of a bridging carbene (Scheme III).
Isomerizations of a bridging carbene to terminal positions
have recently been observed,'®® but not the reverse, and,
although postulated,” never directly in a Fischer-type
carbene.!?

Second, and most surprising, 3 on heating to 100 °C
(benzene, t;/, = 12 h) (or on irradiation) efficiently de-
composes to regenerate (n%75-C,oHg)(CO)sMo, (80%) and
propene (80%)! Deuterium-labeled 3-d, at carbon-3!! gave
cleanly propene-1,I-d; (NMR, m/e), 3-d, labeled at car-
bon-4'? furnished propene-2,3-d,, and 3-d; labeled at
carbon-5 through a novel sequence'? resulted in propene-
3-d;. Recovered starting materials from incomplete
thermolyses exhibited no label scrambling. These data rule
out 2, or any related dimetallacyclopentane, as being an
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intermediate in this reaction. Finally, there are no no-
ticeable deuterium isotope effects (error margin £10%),
concentration dependence, and changes due to added
ligand [such as (C4Hjs);P]. Remarkably, other oxacyclo-
pentylidenes do not yield propene on pyrolysis but rather
carbene dimers or 2,3-dihydrofuran.'%* The free carbene
also furnishes the latter, but, in addition, cyclobutanone,
cyclopropane, and ethylene,!® not found in our system.

Scheme III depicts a possible mechanistic rationale for
the observed data. It is appealing (but not required) to
postulate that it is the relatively ready accessibility of the
bridged carbene C (possibly facilitated'®? by the relatively
electron-donating fulvalene ligand) which allows the un-
raveling of the ligand to D, much like a y-butyrolactone
pyrolysis,'® followed by a retroene reaction, such as that
observed with 8,y-unsaturated acids,’® to furnish the
products. This explains the absence of similar decompo-
sition pathways in the related Mny(CO),,(CH,)s,!* as well
as the mononuclear systems,”'%* the outcome of the
deuterium labeling experiments, and the other data.
Whatever the exact mechanism, it is intriguing to speculate
on the potential intermediacy of the hitherto unrecognized
species of the type C and/or D or their unbridged coun-
terparts in other propene-forming reactions involving di-
nuclear metallacycles and even on surfaces exposed to CO
and H,.
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Summary: The complex RhBr(CH;)(CH,OCH3)(P(CH;)s)s
undergoes two different categories of reactions. If the
C-0 bond is cleaved, ethylene is formed by methyl group
migration; if the Rh—-Br bond is cleaved, methyl vinyl ether
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